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Abstract
Patients with recurrent or refractory Epstein Barr virus (EBV)-positive nasopharyngeal carcinoma
(NPC) continue to have poor outcomes. Our earlier Phase I dose escalation clinical study of 10 NPC
patients showed that infusion of EBV-specific cytotoxic T cells (EBV-CTLs) was safe and had
antitumor activity. To better define the overall response rate and discover whether disease status,
EBV-antigen specificity, and/or in vivo expansion of infused EBV-CTLs predicted outcome, we
treated 13 additional NPC patients with EBV-CTLs in a fixed-dose, Phase II component of the study.
We assessed toxicity, efficacy, specificity and expansion of infused CTLs for all 23 recurrent/
refractory NPC patients treated on this Phase I/II clinical study. At the time of CTL infusion, 8
relapsed NPC patients were in remission and 15 had active disease. No significant toxicity was
observed. Of the relapsed patients treated in their second or subsequent remission, 62% (5/8) remain
disease free (at 17-75 months), while 48.7% (7/15) of those with active disease had a CR/CRu (33.3%)
or PR (15.4%). In contrast to locoregional disease, metastatic disease was associated with an
increased risk of disease progression (HR: 3.91, p=0.015) and decreased overall survival (HR: 5.55,
p=0.022). Neither the specificity of the infused CTLs for particular EBV antigens nor their
measurable in vivo expansion discernibly influenced outcome. In conclusion, treatment of patients
with relapsed/refractory EBV-positive NPC with EBV-CTLs is safe and can be associated with
significant, long-term clinical benefit, particularly for patients with locoregional disease.
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INTRODUCTION
Nasopharyngeal carcinoma (NPC) arises from the epithelial cells of the nasopharynx and
almost all non-keratinizing and undifferentiated forms of the tumor are associated with Epstein
Barr virus (EBV).1;2 NPC patients with limited local disease have a good prognosis when
treated with chemotherapy and intensity-modulated radiation therapy, but patients with bulky
locoregional or metastatic disease often relapse or have refractory disease.1;3;4 Historical 5-
year overall survival rates for those with advanced stage III or IV disease are reported between
54 – 76% and 29 – 56%, respectively.1;3;5;6 Patients who survive experience severe short and
long term morbidity, with an associated profound impact on their quality of life.7;8 Hence,
there is a need for novel therapies that both improve disease-free survival and reduce treatment-
related complications.

One promising approach is therapy with autologous EBV-specific cytotoxic T lymphocytes
(EBV-CTLs) targeted to the EBV antigens EBNA1, latent membrane protein (LMP) 1 and
LMP2 expressed by most NPC tumors.1;2 Although adoptive immunotherapy with EBV-CTLs
for NPC has shown evidence of clinical activity in Phase I dose escalation studies,9;10 at present
the overall response rate and most appropriate patient population (i.e. those with locoregional
as compared to metastatic, relapsed/refractory disease) is unclear. It has also been unclear
whether antitumor efficacy is influenced by the particular EBV antigens the infused lines are
primarily directed toward, or by the degree of in vivo expansion measured within the peripheral
blood, as observed for other T-cell therapeutics.11;12 This information is critical for developing
further CTL applications and improving clinical progress.

We therefore conducted a Phase II extension of our previously reported Phase I clinical study.
Thirteen additional NPC patients were treated with EBV-CTLs, and we have included all 23
NPC patients treated at our institution in this analysis. The overall response rate was 48.7%
and although disease status predicted outcome, the EBV-antigen specificity of the CTL product
and the degree of in vivo CTL expansion did not.

MATERIAL AND METHODS
Subjects

This study was approved by the Institutional Review Board at Baylor College of Medicine and
The Methodist Hospital, and by the Food and Drug Administration. Patients were eligible for
the study if they had been treated for either advanced stage [stage III or IV disease according
to the American Joint Committee on Cancer (AJCC) staging system] or had relapsed/refractory
EBV-positive NPC. EBV-positivity was determined by in situ hybridization or polymerase
chain reaction (PCR) amplification for EBV-encoded RNAs (EBER). Patients had to have
received no therapy or experimental agents for at least 4 weeks prior to study entry, and
recovered from treatment related acute adverse effects. Patients had to have a life expectancy
> 6 weeks, Karnofsy score ≥ 50, and no evidence of pregnancy or intercurrent infection.
Laboratory parameters included bilirubin and creatinine values < 2 times normal, aspartate
aminotransferase levels < 3 times normal, and a hemoglobin level > 8.0 g/dL. All patients were
treated between July of 2002 and August of 2007.

Generation of EBV-transformed lymphoblastoid cell lines and EBV-CTLs
Autologous lymphoblastoid cell lines (LCL) and EBV-CTLs were generated according to
current Good Manufacturing Practice (cGMP) guidelines as previously described 9;13;14. After
expansion, EBV-CTLs were tested for sterility, human leukocyte antigen (HLA)-identity,
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immunophenotype, and EBV-specificity at the time of cryopreservation. Specificity was tested
in a 4-hour 51Chromium release cytotoxicity assay.

Study description
All patients had imaging with magnetic resonance imaging (MRI) and/or fluorodeoxyglucose
positron emission tomography (PET) to assess overall disease burden prior to CTL infusion.
Patients treated on the Phase I portion of the study were treated on one of 3 dose levels and
received either 2 doses of 2×107 CTL/m2 (dose level 1), 1 dose of 2×107 and 1 dose of
1×108 CTL/m2 (dose level 2), or 1 dose of 1×108 and 1 dose of 2×108 CTL/m2 (dose level 3).
All patients treated on the Phase II extension were treated at the highest dose level. CTL
infusions were given 2 weeks apart. Peripheral blood samples were obtained prior to CTL
infusion and at pre-determined time points after infusion to evaluate for toxicity and EBV
immunity. Clinical response to CTL was assessed by radiographic imaging 8 weeks after the
last infusion date (or earlier if indicated). Patients with either a partial response (PR) or stable
disease (SD) at the time of re-imaging were eligible to receive additional CTL infusions. Long-
term follow up continued until July 2009. While initial data from ten patients treated on the
Phase I portion of this clinical trial has been previously published,9 updated information related
to clinical status and CTL product analysis is included within the results data detailed below.
All imaging studies were re-reviewed, one patient (815), who was previously reported as
having no disease, is now reported as having imaging findings of unknown significance.

Clinical response criteria
Clinical response to CTL infusion was evaluated by comparing disease identified by MRI and/
or FDG-PET radiographs obtained pre-infusion to those obtained 8 weeks post-infusion, or as
clinically indicated. FDG-PET imaging was used as additional conformation of response, since
many patients have residual masses after standard therapy that may not represent active disease.
Furthermore, as this study was open to children, re-biopsy of residual masses was not
mandatory for study participation. Patients in remission at the time of infusion were defined
as having no evidence of disease (NED) if subsequent scans had no new lesions. Patients with
abnormalities of unknown significance (i.e. infection vs. disease) whose subsequent scans had
no radiographic evidence of abnormal lesions were considered a complete response
undetermined (CRu). All other responses, including CR, PR, SD, and PD, were determined
using Response Evaluation Criteria in Solid Tumors (RECIST).15

Enzyme-linked immunospot (ELIspot) assay
The frequency of EBV-, LMP1- and LMP2-specific T cells in the CTL product and peripheral
blood of patients was measured using interferon-γ (IFN-γ) ELIspot assays as previously
described.16;17 CTL or PBMCs were stimulated with HLA-restricted peptides derived from
EBV antigens (Genemed Synthesis, San Antonio, TX) or overlapping peptide mixes for
BZLF1, EBNA1, EBNA3A, EBNA3B, EBNA3C, LMP1, and LMP2 were used in ELIspot
assays.18-20 Peptide mixes contained 15 amino-acid peptides covering the entire length of the
corresponding protein with an 11 amino-acid overlap (JPT Peptide Technologies, Berlin,
Germany). The frequency of EBV-, LMP1-, and LMP2-specific T cells in the peripheral blood
of patients was determined by using autologous LCL or LMP1 and LMP2 peptide mixes. For
cytomegalovirus (CMV)-seropositive patients, the frequency of CMV pp65 protein
(CMVpp65)-specific T cells was determined using a CMVpp65 peptide mix (JPT Peptide
Technologies).

Flow cytometry
A FACScalibur instrument (Becton Dickinson, San Jose, CA) and CellQuest software (Becton
Dickinson) was used for flow cytometric analysis. Monoclonal antibodies were obtained from
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Becton Dickinson and included anti-CD3, -CD4, -CD8, -CD16, -CD19, -CD27, -CD28, -
CD45RO, CD45RA, -CD56, -TCRα/β, and -TCRγ/δ. Negative controls included isotype
antibodies.

Statistical analysis
The Phase I/II study was designed to be a dose escalation investigation leading to a fixed dose
Phase II study. Four patients were treated on dose level 1 (one compassionate care), three
patients on dose level 2, and 16 patients on (fixed) dose level 3. No dose-limiting toxicity was
observed, and all patients were included in the analysis. Descriptive statistics were used to
evaluate standard demographic and clinical variables. Biological responses by EBV-, LMP2-,
and CMV-specific T cells were analyzed for their changes from the baseline (CTL infusion)
to 2 weeks and 6 weeks post infusion, respectively, using the nonparametric Wilcoxon signed-
rank test. Survival curves were constructed using the Kaplan Meier method and compared
using the weighted log-rank test. Patient data were censored at the time of death or if enrolled
on another therapeutic/experimental trial, or if lost to follow-up. We used univariate Cox
regression to determine clinical factors significantly associated with survival. A p-value less
than 0.05 was considered statistically significant.

RESULTS
Patient characteristics

The clinical and disease specific characteristics of the 23 patients are listed in Tables 1 and 2.
The majority of patients were male, Caucasian, and had either AJCC Stage III or IV disease
at the time of initial diagnosis. At the first CTL infusion, the mean patient age was 29.2 years,
and most patients had failed 1 or more previous chemotherapy protocols. Approximately 65%
had either active disease or diagnostic scans of unknown significance.

Characteristics of EBV-CTL lines
EBV-CTL lines were generated successfully for all 23 study participants. Patients’ CTL lines
contained a high percentage of CD3-positive T cells [mean, 96.2%; standard deviation (sd),
4.0%]; predominantly CD8 [mean, 83.2%; sd, 13.9%] with a small CD4 component [mean,
7.6%; sd 14.4%]. Flow cytometric analysis of memory markers revealed mixed populations of
CD45RAneg CD27pos CD28pos T-cells [mean 34.2%; sd 14.5%] and CD45RAneg CD27neg

CD28neg T-cells [mean 21.1%; sd 12.3%]. Besides T cells, natural killer (NK) cells were
present in low numbers [mean, 5.7%; sd, 3.8%]. In 4-hour 51Chromium release cytotoxicity
assays, lines from all patients produced significantly greater killing of autologous LCL
compared to mismatched LCL, NK cell targets (HSB-2 or K562), or autologous PHA blasts
at an effector to target ratio of 20:1 (for all targets p=<0.001).

To determine which EBV antigens were recognized by the patients’ CTL lines, we used IFN-
γ ELIspot assays to measure responses to HLA restricted peptides derived from EBV antigens.
For patients in whom no HLA restricted peptides were available, we used peptide mixes that
contained 15 amino acid peptides scanning the entire length of EBV antigens. T cells specific
for immunodominant EBV antigens (lytic or EBNAs 3A, B, C) were present in all cell lines
tested (supplemental Table 1, Supplemental Digital Content 1,
http://links.lww.com/JIT/A73). EBNA1-specific T cells were present in 5 out of 16 cell lines
tested. LMP2-specific T cells were detected in 17 cell lines, but the frequency was less than
0.1% in 9 out of the 17. T cells specific for LMP1 were detected at a low frequency in 7 cell
lines.
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Safety of EBV-CTL infusions
Infusion of autologous EBV-CTL products was not associated with long-term toxicity,
although as previously reported, 1 patient with bulky disease and preexisting facial swelling
required a tracheostomy for airway protection after his facial swelling increased 2 days
following the first CTL infusion.9 No inflammatory cells were detected in the needle biopsy
of his mass, but CTL administration could not be excluded as a contributing factor to the
swelling.

Immune responses after EBV-CTL Infusion
We measured the overall precursor frequency of EBV-specific T cells in patients’ peripheral
blood using autologous LCL as stimulators in IFN-γ ELIspot assays. There was no significant
increase 2 and 6 weeks after the 1st CTL infusion (Figure 1A). Since LCL preferentially activate
T cells specific for immunodominant EBV proteins which are absent on NPC tumors, we next
determined the frequency of T cells specific for LMP2, a subdominant EBV antigen expressed
by NPC. Seventeen patients received CTL lines which contained LMP2-specific T cells and
we were able to serially determine the frequency of LMP2-specific CTL in the peripheral blood
of 14 using LMP2 peptide ELIspot assays. We found a trend towards increased LMP2-specific
CTL at 2 weeks post infusion (p=0.081), which returned to baseline by week 6 (Figure 1B).
As a control, we sequentially measured the frequency of CMVpp65-specific T cells and noted
no detectible changes (Figure 1C). No correlation was observed between disease stage at CTL
infusion and the frequency of EBV-, LMP2-, and CMV-specific T cells. Therefore, infusion
of EBV-specific CTL may transiently increase the frequency of LMP2-specific T cells in
peripheral blood.

Clinical responses and subgroup analysis after EBV-CTL infusion
We measured clinical responses by comparing imaging studies pre- and post-CTL infusion as
detailed in the methods section. These data are summarized in Table 3. Of the 8 patients treated
in remission, 5 remained disease-free 25 – 82 months post-infusion. Of the remaining three,
one had recurrent, biopsy proven, EBV-positive lymph node disease 2 months post CTL
infusion. This patient is still alive with indolent disease 34 months post CTL infusion having
received no additional therapy. Two patients had recurrent metastatic disease, 14 and 60 months
post CTL infusion, respectively. Of three patients treated with local recurrent disease, 2 have
had CRs for > 44 and > 53 months. The 3rd patient had a partial response that persisted for 12
months. A fourth patient had imaging findings of unknown significance prior to CTL infusion,
and these resolved post infusion. He remains without evidence of disease (CRu) at > 46 months.

In the eleven patients with metastatic disease, one patient (1042) has had a durable response
for > 68 months. This patient was initially reported at having stable disease > 14 months;9
starting 26 months post CTL she had no evidence of disease and remains disease free >68
months post CTL infusion. In this analysis she is therefore reported as having a CR. Patient
1241 had a CRu for 36 months. The latter then had a local, EBV-negative recurrence. One
patient had a significant PR with resolution of PET positive lymph nodes and a significant
decrease in a metastatic bone lesion (Figure 2). Two other patients had SD for 2 and 12 months
respectively. Six patients had progressive disease.

For the entire study cohort, the median time to progression was 1059 days with progression
free survival (PFS) rates of 65% at 1-year and 52% at 2-years (Figure 3). The overall survival
(OS) was 87% at 1-year and 70% at 2-years. Metastatic disease was associated with an
increased risk of disease progression (HR: 3.91, p=0.015) and decreased overall survival (HR:
5.55, p=0.022). No significant association was observed for patients with locoregional disease.
PFS and OS did not correlate with ethnicity, stage at diagnosis (Table 3), or CTL-specificity
(supplemental Table 2, Supplemental Digital Content 2, http://links.lww.com/JIT/A74).
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DISCUSSION
In this study we evaluated the safety and efficacy of EBV-CTL in patients with EBV-positive
NPC. Twenty three NPC patients were treated with EBV-specific CTLs and followed long-
term. We found that EBV-CTLs had potent antitumor activity in patients with locoregional
disease, while similar effects were limited in patients with metastatic disease. Nonetheless,
progression free survival was 65% at 1-year and 52% at 2-years, while overall survival was
87% at 1-year and 70% at 2-years. In this limited cohort of patients, clinical outcome did not
correlate with specificity or expansion of adoptively transferred CTL lines.

Although patients with non-bulky, recurrent, locoregional NPC have a long-term survival rate
greater than 60% with chemoradiation,21;22 these therapies are often mutilating and associated
with significant acute and long-term complications profoundly diminishing quality of life. Our
results suggest that EBV-CTLs may have comparable efficacy and greatly reduced toxicities.
More extensive studies will be required to validate the therapeutic advantages of autologous
EBV-CTLs in this subset of patients.

The outcome for patients with recurrent, metastatic disease remains poor. Currently, there is
no accepted standard second-line therapy for this group of patients. Since 2002, there have
been at least 7 Phase II clinical studies in which patients with relapsed and/or metastatic NPC
were treated with systemic chemotherapy.23-29 Four of the regimens used single agents
(irinotecan, capecitabine, gemcitabine, or gefitinib) while the remainder gave two-drug,
platinum-based therapy. The overall CR and PR rates in these studies were only were 4.4%
(0-20.5%) and 27% (14.3-78%) respectively. The median time to progression was variable
(81-318 days), most likely due to selection bias of study subjects. Unfortunately, our EBV-
CTLs had an equally limited antitumor activity in patients with metastatic disease (CR rate
10%; PR rate 10%), with a median progression free survival of 74 days. One of patients with
recurrent disease had an EBV-negative tumor. Antigen-negative recurrences have been
reported after the infusion of T-cell clones.30 We have also seen EBV-negative recurrences in
2 patients treated on our ongoing protocols with polyclonal EBV-specific CTLs for EBV-
positive lymphomas (unpublished). In addition, we previously reported a patient with EBV-
positive lymphoproliferative disease, who had failed EBV-specific T-cell Therapy, in which
the tumor virus had deleted immunodominant EBV epitopes.31 Thus immune escape can occur
even in instances when polyclonal antigen-specific T cells are infused.

NPC is classified as an EBV Type II latency-associated tumor as it expresses only a limited
range of EBV-associated antigens.2 We anticipated that the greatest antitumor activity would
therefore be associated with those lines expressing the highest frequency of effector cells
specific for the three EBV antigens expressed by these tumors: LMP1, LMP2 or EBNA 1.
Although this cohort of patients was small, we found no positive correlation between CTL
specificity and antitumor activity. Activity was even seen after the infusion of lines with an
absence of reactivity with LMP1 and EBNA1. While the majority of T cell lines contained
CTLs specific for LMP2, their overall frequency was low and there was no correlation between
the levels seen and the antitumor activity observed. Nonetheless it seems likely that one
requirement for increasing the effectiveness of autologous EBV-CTLs in metastatic NPC will
be to augment the frequency of EBNA1-, LMP1- and/or LMP2-specific T cells in the CTL
product.17;32-34 Such benefits are certainly observed when LMP1/LMP2 specific CTLs are
used to treat EBV-positive lymphomas, which are also predominantly Type II latency tumors.
35 An alternative strategy for augmenting activity in metastatic disease is to induce tumor
expression of more immunodominant EBV antigens by using chemotherapeutic agents, histone
deacetylase or proteasome inhibitors.36;37 Pre-clinical data have shown benefit from this type
of approach, but clinical experience is thus far limited.38;39
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We observed limited in vivo expansion of EBV-CTLs in peripheral blood of patients after
infusion. IFN-γ ELIspot assays showed only transient two-fold increases in LMP2-specific T
cells. Lymphodepletion prior to T-cell infusion appears to enhance the expansion and
persistence of infused cells, and may also be a valuable approach for NPC patients.16;40 The
NPC patients enrolled on this study were not lymphopenic (mean absolute lymphocyte count:
829/μl; sd 373/μl), and thus lympodepletion would be an option to improve in vivo, post-
infusion expansion. In several patients we observed a slight, non-significant decrease in the
precursor frequency of EBV-CTL. This most likely reflects physiological fluctuations, which
we have observed in our previous studies.16;35

In summary, treatment of patients with relapsed or refractory EBV-positive NPC with EBV-
specific CTL is safe and can be associated with significant, long-term clinical benefit, primarily
in patients with locoregional disease. For patients with metastatic disease, further modifications
to this cellular therapeutic approach are warranted.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Transient increase of LMP2-specific T-cell frequency after EBV-CTL infusion
The frequency of (A) EBV-, (B) LMP2-, and (C) CMV-specific T cells was determined using
ELIspot assays. There was a trend towards increased LMP2-specific T cells (p=0.081) at 2
weeks after CTL infusion (- -: individual patients; –: median; NED: no evidence of disease).
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Figure 2. Clinical response after EBV-CTL infusion
PET images of patient (P1668) before and 8 weeks after EBV-specific CTL infusion.
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Figure 3. Overall and progression-free survival after EBV-CTL infusion
A) Overall survival, B) Overall survival by disease status at 1st CTL infusion, C) Progression-
free survival, D) Progression by disease status at 1st CTL infusion (p-value: metastatic disease
vs. remission).
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Table 1

Characteristics of enrolled study population

Gender (%)

        Male 17 (73.9)

        Female 6 (26.1)

Mean age at enrollment, years (range) 29.2 (11 - 63)

Ethnic origin (%)

        African-American 6 (26.1)

        Asian 4 (17.4)

        Caucasian 11 47.8)

        Hispanic 1 (4.4)

        Native American 1 (4.4)

Disease status at 1st CTL infusion (%)

        Remission 8 (34.8)

        Local-Regional 3 (13.0)

        Unknown 2 (8.7)

        Metastatic 10 (43.5)

Mean number of chemotherapy regimens prior to study enrollment (range) 2.6 (1-6)

J Immunother. Author manuscript; available in PMC 2011 November 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Louis et al. Page 14

Ta
bl

e 
2

D
et

ai
le

d 
pa

tie
nt

 c
ha

ra
ct

er
is

tic
s a

nd
 o

ut
co

m
e

P#
A

ge
 a

nd
 G

en
de

r 
at

 In
fu

si
on

St
ag

e 
at

 D
ia

gn
os

is
Pr

io
r 

T
he

ra
py

Si
te

 o
f D

is
ea

se
 a

t I
nf

us
io

n
C

T
L

* 
(D

os
e 

L
ev

el
)

R
es

po
ns

e 
to

 T
he

ra
py

 (D
ur

at
io

n 
in

 M
on

th
s)

C
T

X
R

T

72
9

50
F

IV
: T

4N
3b

M
0

1
1

N
ED

2 
(1

)
R

em
ai

ns
 in

 re
m

is
si

on
 (>

82
 m

th
s)

; a
liv

e

60
6

59
F

II
I: 

T3
N

2M
0

1
1

N
ED

2 
(1

)
R

ec
ur

re
nt

 d
is

ea
se

 (6
0 

m
th

s)
; a

liv
e

69
7

11
F

II
I: 

T1
N

2M
0

1
1

N
ED

2 
(1

)
R

em
ai

ns
 in

 re
m

is
si

on
 (>

80
 m

th
s)

; a
liv

e

16
42

11
M

IV
: T

X
N

X
M

1
3

1
N

ED
2 

(3
)

R
em

ai
ns

 in
 re

m
is

si
on

 (>
42

 m
th

s)
; a

liv
e

19
46

63
F

II
I: 

T3
N

1M
0

1
1

N
ED

2 
(3

)
R

em
ai

ns
 in

 re
m

is
si

on
 (>

28
 m

th
s)

; a
liv

e

19
69

38
M

II
I: 

T3
N

0M
0

2
2

N
ED

2 
(3

)
R

ec
ur

re
nt

 d
is

ea
se

 (1
4 

m
th

s)
; d

ie
d 

at
 2

7 
m

th
s

20
24

60
M

II
I: 

T2
N

2M
0

1
1

N
ED

2 
(3

)
R

ec
ur

re
nt

 d
is

ea
se

 (2
 m

th
s)

; a
liv

e

20
47

16
M

II
: T

2N
1M

0
3

3
N

ED
2 

(3
)

R
em

ai
ns

 in
 re

m
is

si
on

 (>
25

 m
th

s)
; a

liv
e

89
4

36
M

II
I: 

T3
N

0M
0

3
2

Pr
im

ar
y 

si
te

2 
(2

)
C

R
 (4

4 
m

th
s)

; d
ie

d 
at

 6
5 

m
th

s

38
9

17
F

IV
: T

4N
2M

0
2

1
Pr

im
ar

y 
si

te
5 

(2
)

C
R

 (>
53

 m
th

s)
; a

liv
e

91
8

16
M

IV
: T

4N
2M

0
1

1
Pr

im
ar

y 
si

te
2 

(2
)

PR
 (1

2 
m

th
s)

; d
ie

d 
at

 2
0 

m
th

s

81
5

19
M

IV
: T

4N
3M

0
1

1
Pr

im
ar

y 
si

te
 (u

nk
no

w
n 

si
gn

ifi
ca

nc
e)

2 
(3

)
C

R
u 

(>
46

 m
th

s)
; a

liv
e

84
5

11
M

IV
: T

4N
2M

0
6

2
Pr

im
ar

y 
si

te
, L

N
1 

(1
)

PD
; d

ie
d 

at
 1

2 
m

th
s

10
42

46
F

II
: T

2N
1M

0
2

2
B

on
e

2 
(3

)
C

R
 (>

68
m

th
s)

; a
liv

e

10
46

16
M

IV
: T

2b
N

3M
0

4
1

LN
, b

on
e

2 
(3

)
SD

 (2
 m

th
s)

; d
ie

d 
at

 3
 m

th
s

12
41

18
M

IV
: T

4N
1M

0
3

2
Lu

ng
 (u

nk
no

w
n 

si
gn

ifi
ca

nc
e)

2 
(3

)
C

R
u 

(3
6 

m
th

s)
; a

liv
e

19
02

17
M

II
I: 

T3
N

1M
0

2
1

Pr
im

ar
y 

si
te

, b
on

e,
 lu

ng
2 

(3
)

PD
; d

ie
d 

at
 1

4 
m

th
s

19
68

34
M

IV
: T

4N
1M

0
4

2
Pr

im
ar

y 
si

te
, l

un
g,

 C
N

S
2 

(3
)

PD
; d

ie
d 

at
 1

1 
m

th
s

20
19

17
M

IV
: T

4N
3M

0
3

3
Pr

im
ar

y 
si

te
, b

on
e

2 
(3

)
SD

 (4
 m

th
s)

; d
ie

d 
at

 7
 m

th
s

20
61

32
M

IV
: T

0N
3M

1
4

1
Pr

im
ar

y,
 L

N
, b

on
e,

 lu
ng

2 
(3

)
PD

; d
ie

d 
at

 1
6 

m
th

s

20
78

16
M

IV
: T

2N
3a

M
1

4
2

LN
, b

on
e,

 so
ft 

tis
su

e
2 

(3
)

PD
; d

ie
d 

at
 7

 m
th

s

16
68

21
M

IV
: T

4N
2a

M
0

4
4

LN
, b

on
e

3 
(3

)
PR

 (7
 m

th
s)

; a
liv

e

19
76

48
M

I: 
T1

N
0M

0
3

1
Lu

ng
6 

(3
)

SD
 (1

2 
m

th
s)

; a
liv

e

P#
: p

at
ie

nt
 id

en
tif

ic
at

io
n 

nu
m

be
r; 

C
T:

 c
he

m
ot

he
ra

py
 re

gi
m

en
s;

 X
R

T:
 ra

di
ot

he
ra

py
 re

gi
m

en
s;

 N
ED

: n
o 

ev
id

en
ce

 o
f d

is
ea

se
; L

N
: l

ym
ph

 n
od

e;
 C

N
S:

 c
en

tra
l n

er
vo

us
 sy

st
em

; C
TL

*:
 n

um
be

r o
f C

TL
 in

fu
si

on
s;

M
th

s:
 m

on
th

s;
 C

R
: c

om
pl

et
e 

re
sp

on
se

; P
R

: p
ar

tia
l r

es
po

ns
e;

 C
R

u:
 c

om
pl

et
e 

re
sp

on
se

 u
nd

et
er

m
in

ed
; S

D
: s

ta
bl

e 
di

se
as

e;
 P

D
: p

ro
gr

es
si

ve
 d

is
ea

se

J Immunother. Author manuscript; available in PMC 2011 November 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Louis et al. Page 15

Table 3

Univariate Cox regression analysis

Variable PFS OS

Hazard Ratio P value Hazard Ratio P value

Age at 1st CTL infusion 0.996 0.787 0.972 0.209

Ethnic Origin

        African-American 0.581 0.531 0.860 0.869

        Caucasian 1.492 0.515 0.858 0.841

        Other 1 1

Stage at Diagnosis

        Stage I-III 1 1

        Stage IV 1.325 0.606 2.225 0.263

Disease status at 1st CTL infusion

        Remission

            Yes 0.343 0.103 0.154 0.080

            No 1 1

        Local-Regional

            Yes 0.740 0.695 1.388 0.687

            No 1 1

        Unknown

            Yes 0.643 0.674 NA*

            No 1

        Metastatic Disease

            Yes 3.908 0.015 5.551 0.022

            No 1 1

*
no death event occurred
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